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Biological entities and inorganic materials have been in 
constant touch with each other ever since inception of life on the 
earth. Due to this regular interaction, life could sustain on this planet 
with a well-organized deposit of minerals. Recently scientists have 
become more and more interested in the interaction between 
inorganic molecules and biological species. A variety of inorganic 
nanoparticles with well-defined chemical composition, size and 
morphology have been   synthesized   by   using living   organisms    
and   their  applications in many cutting-edge technological areas 
have been explored[1].  
One of the major environmental problems worldwide is 
the heavy metal contamination of soil. Soil is the vital part of eco-
system which nurtures the life on earth. Any toxic substance released 
to the soil enters the food chain, ultimately reaching to humans 
causing several health issues. Heavy metals cannot be degraded and 
hence the best way is to recycle and reuse. Vermitechnology has been 
proved to be a promising tool for bioremediation of heavy metal 
contaminants. Earthworms are found to be the best detoxifiers and 
bioaccumulators. Earthworm’s detoxification pathway could be 
manipulated for the extraction and synthesis of metal nanoparticles 
from heavy metal contaminated sites. Charles Darwin called them 
‘friends of farmers and unheralded soldiers of mankind working day 
and night under the soil [2].  
Heavy metal contamination of soil is one of the major 
environmental problems and results mainly from mining, smelting 
procedures and automobiles as well as natural activities. Chemical 
and metallurgical industries are the most important sources of heavy 
metal contamination in the environment [3]. The main threats to 
human health from heavy metals are associated with exposure to 
lead, cadmium, mercury and arsenic. These metals have been 
extensively studied and their effects on human health regularly 
reviewed by International Bodies such as the WHO.  
The biosynthesis of nanoparticles using bacteria, fungi and 
plant extracts and recently earthworms have become the engineers 
for the synthesis of nanoparticles. Earthworms are known to be good 
decomposers, detoxifiers, bioaccumulators and mineralizers. The 
strong muscular contractions within the gizzard of the earthworms 
grind the food and causes mineralization of soil and other particles 
ingested along with food. The bacteria living in the gut of worms 
breakdown (detoxify) many hazardous chemicals. Earthworms can 
accumulate heavy metals and other toxic substances in the 
chloragogenous tissues of their body. Earthworms being detoxifiers 
and bioaccumulators are widely been used for the bioremediation of 
contaminated soil [9]. Bearing in mind to explore the potential of 
earthworms namely Eisenia fetida in bioremediation of heavy metal 
contaminated soil and convert it into high quality soil which holds 
promise to play a significant role in cleaning the environment.  
 
2.  Materials and Methods 
2.1. Collection of lead contaminated soil 
The heavy metal contaminated soil sample which is high in 
lead concentration was collected from the highly polluted region of 
Ukkadam lake, Coimbatore, Tamil Nadu.  Surface soil sample (0-
15cm) was collected from the region near the electroplating welding 
industries. The sampling site was bare with no plantation and the 
place where all the effluent streams and solid wastes were 
accumulating. 
2.2. Selection of Earthworm species 
 The earthworm species Eisenia fetida was collected from 
the Agronomic Research Station (Department of Agriculture, Kerala), 
Chalakudy, Thrissur District, Kerala. 
2.3 .Treating of contaminated soil using earthworm 
Three experimental groups were maintained. 1Kg of heavy 
metal contaminated soil was inoculated with earthworms of around 
60-100 Nos. in an Earthen pot (S1) placed under shade with frequent 
moistening of soil. Contaminated soil without inoculation of 
earthworms was maintained at same conditions for the control group 
(C). The vermi-treatment was done for 60 days.   
2.4. Sample preparation  
The soil sample was air-dried and slightly crushed after 
separating the earthworms. The earthworms were also washed with 
distilled water, dried and crushed into fine powder. Both soil sample 
and crushed earthworm’s tissue were sieved through a 40µm wired 
mesh.  
Sample groups are as follows: 
 C – Control for heavy metal contaminated soil collected from 
Ukkadam lake region, Coimbatore 
 S1 – Soil sample obtained after the vermi-treatment of heavy 
metal contaminated soil sample 
 W1 – Tissue sample of Eisenia fetida after treatment of heavy 
metal contaminated soil 
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2.5. Extraction 
The fine particles obtained were immersed by 0.12M EDTA 
for 10min and then shaken for 1 hour for dispersion. After dispersed, 
the sample was wet-sieved to 0.011mm and mass of <0.011mm were 
separated through centrifugation at 12,000rpm for 20 minutes. The 
EDTA solution was discarded and the particles were resuspended in 
distilled water, vortexed well and centrifuged at 12,000 rpm for 20 
minutes. The washing process was repeated twice and the particles 
were subjected to various characterization steps. 
2.6. Atomic absorption spectroscopy (AAS) 
 Atomic absorption spectroscopy (AAS) is a spectro-
analytical procedure for the quantitative determination of chemical 
elements using the absorption of optical radiation (light) by free 
atoms in the gaseous state. In analytical chemistry the technique is 
used for determining the concentration of a particular element (the 
analyte) in a sample to be analyzed. AAS can be used to determine 
over 70 different elements in solution or directly in solid samples. 
EDTA extracted solution of the sample filtered through Whatman 
No.1 filter paper of particle size <11µm was analyzed for heavy metal 
elements, lead (Pb), Nickel (Ni), Cadmium (Cd), Arsenic (As) and 
Chromium (Cr) using AAS. 
2.7. Dynamic Light Scattering (DLS) 
 Dynamic light scattering technique was used to determine 
the size distribution profile of small particles in suspension. When 
light hits small particles, the light scatters in all directions as long as 
the particles are small compared to the wavelength (below 250 nm). 
If the light source is a laser, and thus is monochromatic and coherent, 
the scattering intensity fluctuates over time. This fluctuation is due to 
the fact that the small molecules in solutions are 
undergoing Brownian motion, and so the distance between the 
scatterers in the solution is constantly changing with time. This 
scattered light then undergoes either constructive or destructive 
interference by the surrounding particles, and within this intensity 
fluctuation, information is contained about the time scale of 
movement of the scatterers. The dynamic information of the particles 
is derived from an autocorrelation of the intensity trace recorded 
during the experiment. Particle size analysis was performed using 
water as dispersant with RI value 1.330 and viscosity 0.8872mPa.s. 
The material RI was 1.59 with material absorption 0.010.The sample 
was analyzed in a disposable sizing cuvette at a temperature of 25˚C. 
The measurement time was for 60 seconds at position 4.65mm. 
2.8. Fourier Transform Infrared Spectroscopy (FTIR) 
Infrared, or IR, spectroscopy is a type of vibrational 
technique where molecular vibrations are analyzed. It is used to 
obtain an infrared spectrum of absorption, emission 
photoconductivity or Raman scattering of a solid, liquid or gas. An 
FTIR spectrometer simultaneously collects spectral data in a wide 
spectral range. This confers a significant advantage over 
a dispersive spectrometer which measures intensity over a narrow 
range of wavelengths at a time. Fourier transform, a mathematical 
process is used to convert the raw data into the actual spectrum. In 
this study, FTIR data were collected for the fine powdered sample 
with particle size less than 11µm at a range of 500 - 4000cm-1.  
2.9. X-ray powder diffraction (XRD) 
X-ray powder diffraction (XRD), is an instrumental 
technique that is used to identify minerals, as well as other crystalline 
materials. XRD provides with a fast and reliable tool for routine 
mineral identification. It is particularly useful for identifying fine-
grained minerals and mixtures or intergrowths of minerals, which 
cannot be resolved by other methods. XRD data for the sample 
powders were collected by means of a computer automated 
diffractometer using Bragg-Brentano geometry. The samples were 
powdered and sieved through a No.400 (~40 μm) sieve. The X-ray 
source was a Cu anode operating at 40 kV and 30 mA using CuKα 
radiation with a diffracted beam graphite-monochromator. Data were 
usually collected between 10 and 80 in 2 theta with a scanning time 
of 60 seconds. The data was collected using 1.000(deg) divergence 
slit and a 0.3000 mm receiving slit. The data were corrected for 
intensity aberrations with a diffractometer calibration curve for the 
Bragg-Brentano goniometric dimensions. 
 
3. Results and Discussion 
3.1. Elemental Analysis 
 The elemental analysis was performed using Atomic 
absorption spectroscopy. The results of AAS elemental analysis is 
shown in table 1. 
Table 1: Concentration of heavy metals in the sample 
Elements (mg/g) C S1 W1 
Lead 0.400 0.016 0.350 
Nickel 0.200 0.011 0.176 
Cadmium 0.130 0.010 0.112 
Arsenic 0.080 ND 0.077 
Chromium 0.072 ND 0.070 
 Table 1 depicts the concentrations of heavy metal 
elements present in each of the test sample groups. The 
contaminated soil from Ukkadam Industrial area had a high 
concentration of heavy metals, which was far higher than the 
permissible limits of Indian standards. After the vermi-treatment of 
60 days, the levels of heavy metals have lowered considerably. The 
worm’s tissue sample shows a very high concentration of these heavy 
metals that have been accumulated from the soil. The table clearly 
shows the efficiency of Eisenia fetida in bioaccumulation of heavy 
metals. There wasn’t any decrease in the population of Eisenia fetida 
grown in the contaminated soil and hence it is evident that they can 
survive in adverse conditions. 
3.2. Particle size analysis 
 Particle size distribution of the samples analyzed by 
Dynamic light scattering (DLS) technique is as follows: 
Figure 1: Particle size distribution of control and vermi-treated soil 
 
 Figure 1shows the particle size distribution in three test 
samples. Compared to control (C) the particle size has reduced 
considerably. In sample S1 and W1, the particle size range is below 
1000nm. In worm’s tissue the particle size range is less than 500nm 
with high intensities. Whereas in control, even though there are 
particles present in 0-1000nm range, the intensities are very low 
compared to the other two groups and the particle size distribution 
ranges upto 4500nm. Hence the result shows the efficiency of Eisenia 
fetida in reducing the particle size of the metals.  
3.3. Fourier Transform Infrared Spectroscopy (FTIR) 
 
Figure 2: FTIR spectrum of control and vermi-treated soil 
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 Figure 2 represents the FTIR spectrum of the three 
samples, namely, C, S, W. The bands at 3800-3600cm−1 (kaolin) 
represents the SiO–H stretches and the Si–O–Si stretch at 1030 cm−1 
[4] in the control slightly shifted in the spectra of the treated samples. 
However, the vermi-treatment may have enhanced the dissolution of 
silicates, as these peaks decreased for the contaminated sample. 
However, the peaks do not overlap, revealing the persistence of these 
edges, even if they are less concentrated. The Si-O-M bonds shows 
band in the range 550-800cm-1. The band at 544.54 cm−1 in the 
control and 552.32 in vermi-tissue represents the metal-oxygen 
vibrations, probably due to the presence of heavy metal 
complexes[5]. Whereas in the vermi-treated sample the band shifted 
to 528.98cm−1 showing changes in metal-oxygen vibrations [6]. Pb 
forms strong complexes with soil organic matter and can compete 
with most other metals for sorption sites The strong peaks at 
2358.94 cm-1 control and 2363.83 cm-1 in treated soil represents CO2 
stretches that are characteristic of soil matter which is completely 
absent in vermi-tissue sample. There are two bands in vermi-tissue 
sample at 2923 cm−1, attributed to the C–H stretch of aliphatic 
structures, and a band at 1649 cm−1 refers to C=C [7] that are absent 
in vermi-treated soil. In this particular case, the bands assigned at 
1649 cm−1 and 1396 cm−1 may also be related to the interactions with 
the free water and the organic matter fractions[8].  
3.4. X-ray powder diffraction (XRD) 
 
Figure 3: XRD spectrum of control and vermi- treated soil 
  
The XRD spectrum clearly shows the ability of Eisenia fetida in 
detoxification and accumulation. Mostly the metallic Pb and minerals 
of Pb compounds are present in the contaminated soil. The peaks 
formed in the control shows the presence of toxic heavy metal 
compounds of lead. The intense peaks corresponding to the 2-theta 
values between 20-30 are the minerals of lead. The predominant Pb 
species were metallic Pb, cerussite (PbCO3), hydrocerussite (2PbCO3-
Pb(OH)2), and litharge (PbO). Quartz (SiO2) is represented by peak ‘Q’ 
which is present abundantly in soil. In the sample W1, some of the 
peaks are shifted and others have disappeared. This is believed to be 
the change in chemical structure due to the detoxification action of 
Eisenia fetida. The sample S shows the absence of strong peaks 
between 20 – 30, showing the removal of toxic chemicals. The small 
fine peaks represent the soil minerals. 
 
4. Discussion 
  The XRD spectrum clearly shows the detoxification ability 
of Eisenia fetida. The peaks formed in the control shows the presence 
of toxic heavy metal compounds of lead and nickel. The intense peaks 
corresponding to the 2theta values between 20-30 are the minerals 
of lead (Crussite). Where In the sample W, some of the peaks are 
shifted and others have disappeared. This is believed to be due to the 
detoxification action of Eisenia fetida. The sample S shows the 
absence of strong peaks between 20 – 30, showing the removal of 
toxic chemicals. The small fine peaks represent the soil minerals. 
The FTIR spectrum clearly shows the shifts in the peaks 
that are characteristic of the chemical changes happening during the 
detoxification process by the earthworms. Absence of an intense 
crust shows the removal of a specific functional group. The 
detoxification process is believed to be due to the combined action of 
enzymes and bacterial populations in earthworm’s gut. 
The particle size distribution among the three samples, C, 
S1 , W1 clearly indicated the earthworm’s ability to synthesize nano-
sized particles. Compared to control (C) there particle size has 
reduced considerably. In sample S1 and W1, the particle size range is 
below 1000nm. In worm’s tissue the particle size range is less than 
500nm. The particle size has considerably reduced due to worm 
action. The study shows the formation of heavy metal nano-particles 
from heavy metal contaminated soil through vermi-treatment using 
Eisenia fetida which can be a very promising technique for cleaning 
the environment and utilizing the non-degradable heavy metal waste. 
 The earthworm species Eisenia fetida is found to be 
efficient in cleaning the environment. They are able to survive in 
presence of toxic heavy metals. They are found to be good 
bioaccumulators of toxic heavy metals without any decrease in their 
population. They are able to accumulate 30% of their body weight 
with the toxic chemicals. They are specifically found to be tolerant to 
Pb as higher levels of Pb was detected in their body. They can convert 
these heavy metals into non- bioavailable. 
The earthworm species Eisenia fetida has the ability to 
synthesize nanoparticles. Several enzymes and bacteria present in 
worm’s gut contribute towards the nanoparticles synthesis.  They can 
be used to synthesize designer nanoparticles at controlled conditions. 
They are low-cost, eco friendly creatures which require less attention.  
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